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Color signal matrix adjustment. 



The invention relates to a method of and device for a color signal matrix 
adjustment, and to a color camera comprising such a color signal matrix adjustment device. 
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Every color sensor needs a correction of its given colors towards the EBU Red- 
Green-Blue primaries which are accustomed in worldwide television sets and PC monitors. 
For the color correction a matrix with nine variables is applied. The RGB color matrix serves 
in the following equation: 
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Herein, Ri, Gi, Bi are the input RGB signals of the image sensor, Ro, Go, Bo are the output 
10 RGB signals which are close to the EBU primaries or otherwise more desired (e.g. in that the 

picture just looks nicer) than the input RGB signals, and al 1 ... a33 are the color signal matrix 

parameters, viz. all ... al3 for Red, a21...a23 for Green, and a31 ... a33 for Blue. 

If one of the color signal matrix parameters all ... a33 is changed to obtain a 

desired change in one output color, also the white reproduction will be changed as an 
15 undesired side-effect. This makes a manual adjustment of the output colors very difficult and 

time consuming. 

Besides the desired correction of RGB colors, commonly also the white point of 
the image generated by the sensor has to be corrected. The white reproduction depends on the 
RGB spectral power distribution of the sensor itself and of the color temperature of the scene 

20 illumination. That white reproduction has to be adjusted to D65 or close to D65 white of the 
EBU display standard. The white reproduction via the color signal matrix is represented by the 
sum of the matrix variables of each color: 
2R = all + al2 + al3 
ZG = a21 + a22 + a23 

25 2B = a31 + a32 + a33 
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It is however almost impossible to change the three selected matrix parameters of one color 
proportionally in order to achieve a desired white point. 

US-A-5,402,182 discloses an automatic white balance controlling apparatus for 
controlling the white balance of an image screen by controlling the color signal level in 
accordance with an up-down counting result in a micro-computer. 

It is, inter alia, an object of the invention to provide a very simple matrix 
adjustment. To this end, a first aspect of the invention provides a method and a device as 
defined by claims 1 and 5. A second aspect of the invention, defined by claim 6, provides a 
color camera comprising such a matrix adjustment device. Advantageous embodiments are 
defined in the dependent claims. 

In a color signal matrix adjustment method in accordance with a primary aspect 
of the invention, only a single first color signal matrix related value is adjusted to obtain a 
desired color signal matrix adjustment, and at least two color signal matrix parameters other 
than the single first color signal matrix related value are automatically adapted in dependence 
upon the color signal matrix parameter adjustment. 

These and other aspects of the invention will be apparent from and elucidated 
with reference to the embodiments described hereinafter. 

The drawing shows an embodiment of a color camera in accordance with the 
present invention. 

In accordance with a preferred embodiment of the present invention, the desired 
white and RGB color adjustment can much easier be achieved with the aid of a RISC core (or 
any other kind of computing power) in the camera, and with the above-mentioned color signal 
matrix formulas. 

A primary application of the invention relates to a color signal matrix 
adjustment with the aid of RISC core. There are four possibilities for adjusting the matrix to 
the desired colors. The selection of a possibility, and switching from one to another and back, 
depends on the way of adjustment and fine-tuning by the user. 
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1 . The conventional method by changing one matrix parameter at a time. 

2. Changing one matrix parameter at a time, but with maintenance of the white 
reproduction to a large extent in accordance with a first aspect of the present invention. 

3. For white adjustment, three matrix parameters can be changed simultaneously. 
5 4. For white amplitude adaptation, all nine matrix parameters can be changed 

proportionally to each other. 

The first possibility needs of course no further explanation. The selected color 
as well as the white reproduction will change. 
10 s ^he seconc * possibility, offering the maintenance of the white reproduction to a 



large extent by selecting first a Boolean Bl to distinguish it from the first possibility, uses the 
calculation power of a RISC core. If one matrix parameter of a color X is changed with a value 
±8, then all six matrix parameters not belonging to the selected color X (i.e. those in the two 
m other rows), are multiplied by (ZX ± 5) / ZX, where EX corresponds with the selected Red, 

% 15 Green or Blue matrix row sums. After that new ZR, ZG and ZB values are calculated. They 
will be proportional to the previous values before the adjustment, so the white reproduction 
will be maintained to a large extent. White is fully maintained if the ZR, ZG and SB values are 
equal to 1; a slight white shift occurs if the ZR, ZG and ZB values differ from 1. However, this 
slight white shift can easily be corrected in accordance with the third possibility described 
20 below. 

In accordance with the third and fourth possibilities, the white reproduction is 
changed with maintenance of the ratio of the matrix parameters for each color. 

25 fjjp y The third possibility, indicated by a second Boolean B2, concerns the 

adjustment of the white reproduction with only one single parameter, again with the aid of a 
RISC core. If the white reproduction has to be changed, one of the ZR, ZG or ZB matrix row 
sums is selected and changed. The RISC core takes care of a proportionally change of the 
corresponding matrix parameters. For example, if ZR is increased by ±8, then the matrix 
30 parameters al 1, al2 and al3 are each multiplied by (ZR ± 8) / ZR, finally resulting in a desired 
white shift. The direction of the color vector for Red will get a small deviation that is 
determined by the amount of white shift only. 



• # 



17.061 

4 06.05.1999 
^ The fourth possibility, again using a RISC core, concerns the adjustment of all 
matrix parameters proportionally to each other in order to adapt the signal amplitude of the 
matrix circuit to a more unity value. Select first a Boolean B3 that makes clear that all 
parameters have to be changed proportionally. Then select one of the SR, SG or SB matrix 
5 row sums. Vary this matrix row sum by ±8. Next all matrix parameters will be multiplied by 
(EX ± 8) / EX, where EX corresponds with the selected ER, EG or SB matrix row sum. 
Thereafter, the new ER, EG and SB matrix row sums are calculated again. The color as well as 
the white reproduction will be maintained, only the signal amplitudes will be changed. 

D The following conclusions can be drawn. Using all proposed possibilities will 

help to adjust the matrix much easier then when using only the first possibility. All mentioned 
adjustment possibilities have been realized with a PC and a menu for the selection of the 
matrix parameters all to a33, ER, EG or SB and two Boolean, one for white maintenance and 
one for amplitude adjustment. 

5 

A primary aspect of the invention can be summarized as follows. Besides the 
theoretical calculation of the matrix for color correction, also a manual adjustment for further 
fine-tuning or as a check with several pictures is required. Tuning the color matrix of a camera 
to a desired color reproduction means however that nine parameters have to adjusted. A 

0 specific problem with such a matrix is that if one parameter, in for instance the red matrix, is 
changed that besides the red also the white reproduction changes. By maintaining the white 
reproduction with the aid of the calculation power of the RISC core (Reduced Instruction Set 
Computer) of the camera it has become much easier to adjust the matrix to the desired color 
reproduction. Moreover it is also possible to change directly the white reproduction. The 

5 deviation of the color reproduction will then be determined by the deviation of the white 
reproduction only. 

The following features are especially noteworthy. The possibility of maintaining 
the white reproduction when changing one of the selected matrix parameters al 1 to a33. 
Changing the white reproduction by selection of SR, SG or SB with maintenance of the matrix 
0 ratio of each color and with a color shift that is only determined by the amount of white shift. 
The proportional adaptation of the signal amplitudes by changing all matrix parameters 
proportionally to each other by selecting an amplitude Boolean and SR, SG or SB. The use of 
a computing processor like a RISC core for the previously mentioned features. 
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The drawing shows an embodiment of a color camera in accordance with the 
present invention. A sensor S supplies three input color signals Ri, Bi and Gi. A matrix 
adjustment device VAC, CC, AAC receiving these input color signals Ri, Bi and Gi comprises 
5 a value adjustment circuit VAC for adjusting a color matrix related value which may be one of 
the nine matrix parameters all ... a33 or one of the three matrix row sums ER, EG or ZB. A 
control circuit CC comprises three buttons BI, B2, B3 to switch on or off the three above- 
mentioned Booleans BI, B2 or B3, respectively. An automatic adapting circuit AAC adapts 
the matrix parameters as described above with regard to the four above-mentioned 
10 possibilities, and supplies the output color signals Ro, Go and Bo. 

It should be noted that the above-mentioned embodiments illustrate rather than 
limit the invention, and that those skilled in the art will be able to design many alternative 
embodiments without departing from the scope of the appended claims. In the claims, any 
15 reference signs placed between parentheses shall not be construed as limiting the claim. The 
^ word "comprising" does not exclude the presence of other elements or steps than those listed 

in a claim. The invention can be implemented by means of hardware comprising several 

S !=S 

jjj distinct elements, and by means of a suitably programmed computer. In the device claim 

enumerating several means, several of these means can be embodied by one and the same item 
§ 20 of hardware. 
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